BENCHMARKS
The methylotrophic yeast Pichia pastoris has gained widespread acceptance as a system of choice for heterologous protein expression in part because of the simplicity of techniques required for its molecular genetic manipulation (1) . Several different procedures are available for introducing DNA into P. pastoris-spheroplast generation (2) , electroporation (3), alkali cation (3, 4) , or polyethylene glycol (PEG) treatment (5) . Here we describe a condensed protocol for cell preparation and transformation that works reliably with either auxotrophic markers or antibiotic selection.
The introduction of exogenous DNA into an organism requires two steps: (i) the preparation of competent cells for DNA uptake and (ii) the transformation of the cells with the DNA. Transformation of P. pastoris by electroporation is a quick procedure. However, preparation of conventional electroporation-competent cells requires hours of work involving several washes, incubations, and centrifugations. In contrast, competent cell preparation for the heat-shock method is short, but transformation requires approximately 2 h (4). The heat-shock procedure gives approximately 100-fold lower transformation efficiency than electroporation with plasmids containing auxotrophic marker genes such as HIS4. Additionally, the selection of zeocin-resistant transformants using the heat-shock transformation protocol does not work reliably.
We have modified the preparation of competent cells from the heat-shock procedure (5) and combined it with transformation by electroporation (3) to yield a condensed protocol that works consistently with auxotrophic markers or antibiotic selection. The main modification of the heat-shock procedure is the addition of a step in which P. pastoris cells are incubated in an optimized concentration of dithiothreitol (DTT). The cells prepared by this "hybrid" method are then electro- porated using the same parameters as conventional electroporation.
Transformation efficiencies using the condensed protocol are comparable to the conventional electroporation procedure using auxotrophic markers but are approximately 20-fold lower using the zeocin resistance marker. However, the condensed protocol provides sufficient transformants, including multicopy integrants, for protein expression studies and has several advantages over the conventional electroporation and heat-shock methods. Table 1 compares the steps in cell preparation and transformation for conventional electroporation, heat shock, and our condensed protocol. Compared to the heat-shock method, the condensed protocol requires less time for the transformation step and provides much higher transformation efficiencies. Compared to the electroporation procedure, the new procedure saves both reagents and time during cell preparation. In addition, the fewer number of steps during the cell preparation of the condensed protocol reduce the chance of contamination of competent yeast cells. Furthermore, unlike the electroporation cell preparation procedure, our condensed protocol does not require a large, refrigerated centrifuge. We use a small, nonrefrigerated centrifuge capable of spinning six 50-mL conical tubes at a time, enabling us to quickly prepare competent cells of six different strains simultaneously. This is significant because some P. pastoris strains (i.e., protease deficient, methanol utilization deficient) can express a given protein more efficiently than others, and it is often necessary to transform the same expression plasmid into various strains to determine empirically which strain gives the highest expression. Thus, the condensed protocol (Table 2) enables a researcher to prepare and transform multiple samples of highly competent P. pastoris cells in a short time with minimal equipment or effort.
Using HIS4-based and zeocin-based plasmids based on typical P. pastoris cloning vectors, pHILA1 and pPICZB (Invitrogen, Carlsbad, CA, USA), and strains such as JC100 (wild-type) or GS115 (his4), we obtained the results summarized in Table 3 . These results are average transformation efficiencies calculated from at least five separate transformations.
The condensed protocol utilizes the most efficient portions of the electroporation and heat-shock transformation protocols to yield a procedure for P. pastoris cells that produces high transformation efficiencies while saving time, effort, and reagents. 11. Immediately after electroporation, resuspend samples in 1 mL cold 1.0 M sorbitol and then plate on selective media (YNB, 2% dextrose + 1.0 M sorbitol) for auxotrophic strains. Alternatively, if using zeocin-based plasmids, resuspend samples in 0.5 mL 1.0 M sorbitol and 0.5 mL YPD, incubate in a 30°C shaker for 1 h, and then plate on media containing increasing concentrations of zeocin (100, 250, 500, or 1000 µg/mL) for the selection of multicopy integrants. Note that increased numbers of transformants can be achieved for both types of selectable markers by incubating the resuspended cells in a 30°C shaker for longer periods of time (1-3 h). However, this is partly due to replication of transformants.
YPD media is composed of 1% (w/v) yeast extract, 2% (w/v) peptone, and 2% (w/v) dextrose. YNB media is composed of 0.17% (w/v) yeast nitrogen base without amino acids and 0.5% (w/v) ammonium sulfate. Lipid mediated gene transfer (lipofection) has been widely used to transfer genes into various cell types (1) (2) (3) (4) . Lipofection works very well in many cell lines, resulting in high transient transfection efficiencies (our observations). However, the rate of DNA integration into the genome following lipid-mediated transfection is relatively low (5) as compared to other methods, such as retroviral systems. This inefficient integration has been thought to be a major disadvantage of plasmid vectors and has limited their use in gene therapy trials.
We have attempted to overcome this hurdle by achieving higher rates of stable integrants in lipid-mediated transfections through treating the transfected cells with a mild heat shock. Others have attempted to increase stable integration by methods such as γ-irradiation (5), but the required doses resulted in 90% cell death. DNA damaging agents like hydrogen peroxide have also been used to increase stable integration of plasmid DNA. Doses of hydrogen peroxide that caused a significant effect on integration also caused 90% cell death (6). Treatment of cells with glycerol (7), dimethylsulfoxide (8), choroquine (9), and cell synchronization to the late G2/ M phase of the cell cycle (10) enhances transfer of DNA into the cytoplasm and subsequently, incorporation into the nucleus. Our method uses a heat treatment of 10 min at 42°C immediately following lipid transfections, which results in up to a 100% increase in stable integrants assayed as colonies resistant to G418 antibiotic. Transient transfection efficiencies, monitored by flow cytometry using the enhanced green fluorescent protein (EGFP), were also found to be increased by a brief heat treatment.
Brief heat shock increases stable integration of lipid-mediated DNA transfections

